Abstract Purpose: Our previous studies have shown that chromosome 8p deletion correlates with metastasis of hepatocellular carcinoma (HCC). This study was to determine whether 8p deletion could be used in predicting the prognosis of patients with HCC, particularly in those with early stage of HCC. Experimental Design: A total of 131 patients with tumor-node-metastasis (TNM) stage I of HCC who underwent curative liver resection were enrolled. Loss of heterozygosity (LOH) was examined using 10 microsatellite markers at chromosome 8p, as well as 14 microsatellites at chromosome 1p, 17p, 4q, 13q, and 16q, and their association with 5-year overall survival (OS) and disease-free survival (DFS) of patients was analyzed. Results: In the entire cohort of patients, the mean LOH frequency at these 24 loci was 43.2%; LOH frequencies at D8S298 and D1S199 were 31.5% and 33.7%, respectively. LOH at D8S298 was associated with a worse 5-year OS (P = 0.008) and DFS (P = 0.038) in patients withTNM stage I of HCC. Likewise, the patients with LOH at D1S199 had a worse 5-year OS (P < 0.001) and DFS (P = 0.014) compared with those without LOH at D1S199. In multivariate analyses, LOH at D8S298 was an independent predictor of decreased DFS (hazard ratio, 0.372; 95% 95% confidence interval, 0.146-0.948; P = 0.038), whereas LOH at D1S199 was an independent predictor of decreased OS (hazard ratio, 0.281; 95% confidence interval, 0.123-0.643; P = 0.003). Conclusions: LOH at D8S298 and D1S199 is independently associated with a worse survival in patients with TNM stage I of HCC after curative resection and could serve as novel prognostic predictors for this subgroup of patients.
Hepatocellular carcinoma (HCC) is one of the most frequent human cancers worldwide, and it has been ranked the second leading cause of death from cancer in China since 1990s (1) . Although during the past decades, much advances have been obtained in the clinical studies of HCC, including early detection, surgical resection, and liver transplantation, the general prognosis of population with HCC still remains dismal (2, 3) . It is hard to predict the life expectancy of HCC patients. Many factors, such as patient's general conditions, macroscopic tumor morphology, and histopathologic features, as well as tumor staging system, have been proved of prognostic significance and could provide useful information in predicting the tumor recurrence and prognosis of patients and triaging the patients who need and may benefit from adjuvant therapy. However, these features cannot always provide exact enough information for the predictions of patients' outcome. Sometimes, the patients, although they have the same tumor-nodemetastasis (TNM) stages of disease, histopathologic features of tumor, and treatment strategy (such as curative resection), have different clinical outcomes. Particularly, it is even harder to determine which individuals will have tumor relapse after surgical treatment in the patients with early stage (TNM stage I) of HCC who do not have significant vascular invasion, regional lymph node, or distant metastasis.
Identification of molecular characteristics of HCC could provide supplementary information that could be useful for dividing the patients with the same TNM stage of disease into different subgroups (molecular classification). This would facilitate the prediction of tumor recurrence and patients' outcome after operation and better selection of therapeutic strategies. A large number of molecular factors have been shown to have potential prognostic significance. However, to date, none of them has been proved to be specific enough, especially in predicting the prognosis and therapeutic outcomes of patients with TNM stage I of HCC.
It is well known that solid cancers arise as a consequence of the accumulation of genetic and epigenetic alterations within a single cell or group of cells. The stepwise accumulation of multiple genetic alterations can drive malignant tumors development and progression and also provide a range of nucleic acid -based molecular markers for neoplasia (4, 5) . Loss of heterozygosity (LOH), as a tumor-derived genetic marker, can lead to genome instability and play a critical part in tumor progression, so it may account for some clinically aggressive phenotypes and provide prognostic information in the early stage of tumor.
Studies have shown that deletion of chromosome 8p occurs frequently in HCC (6 -8) . In our previous studies, we found that chromosome 8p deletion was associated with metastasis of HCC (9, 10) , and one candidate metastatic suppressor gene HTPAP was cloned (11) . Another group also showed that LOH at D8S298 (8p22) associated with intrahepatic metastasis of HCC (12) . These imply that deletion of 8p may serve as a potential predictor of prognosis for patients with HCC. To evaluate the prognostic values of these genetic aberrations for patients with early stage of HCC, in this study, 10 microsatellite markers on chromosome 8p (13 -15) , as well as 14 microsatellites markers on 1p (16, 17) , 17p (15, 18) , 4q (19) , 13q (20) , and 16q (16, 21) , all of which are known to contain candidate tumor suppressor genes or to function as prognostic factors, were selected to investigate LOH in tumor tissues from patients with TNM stage I of HCC and to determine whether the presence of LOH at certain loci is likely to be of prognostic value in early stage of HCC.
Materials and Methods
Patient selection. A total of 131 patients with TNM stage I of HCC who underwent liver resection for HCC at Liver Cancer Institute, Fudan University from January 1999 to March 2000 were enrolled in this study. Of the 131 patients, 112 were men and 19 were women, whose ages ranged from 21 to 76 years (median, 51.8 years). One hundred and seventeen patients (89.3%) had the history of hepatitis B virus infection or were serum positive for HBsAg, and 113 patients (86.3%) had liver cirrhosis. Seventy-six patients (58.0%) had an elevated serum level of a-fetoprotein (AFP; >20 Ag/L). All patients who had solitary tumors of primary HCC without vascular invasion, no regional lymph nodes metastasis, and no distant metastasis were classified as TNM stage I according to the 6th edition of International Union Against Cancer (22). They were further classified with Barcelona Clinic Liver Cancer (BCLC) staging classification and Cancer of the Liver Italian Program (CLIP) scoring systems for the prognostic analysis, which are considered more useful in predicting the prognosis of patients with HCC (23, 24) . Of the tumors, 94 (71.8%) were larger than 3 cm and the remaining 37 (28.2%) were V3 cm in diameter; 85 tumors (64.9%) were well encapsulated. All surgical liver resections were curative, i.e., complete removal of the gross tumor with no residual tumor at the excision margin, serum AFP level dropped to normal level within 2 months after operation in patients with elevated AFP before surgery, and no residual tumor upon diagnostic imaging. None of the patients received preoperative chemotherapy or radiotherapy. The diagnosis of HCC was confirmed by two pathologists. All of the selected patients had also intact follow-up data of clinical outcome after operation.
This study was approved by the Ethics Committee of Zhongshan Hospital, Fudan University (20050310) and was in compliance with the Helsinki Declaration.
Tissue microdissection and DNA preparation. The tumor and nontumor tissues were obtained from formalin-fixed, paraffin-embedded archival material in the tissue bank of authors' institute. Consecutive sections were made from each paraffin block, and the first section was counterstained with H&E for histopathologic diagnosis and as a guide for microdissection. For each tumor sample, a tissue region, comprising at least 80% of tumor cells, was microdissected from 8-Am-thick unstained consecutive slides after deparaffinization using a surgical scalpel under stereomicroscopic guidance. Its corresponding nontumor tissue was also microdissected in the same way. Then genomic DNA was isolated from the microdissected tissues with the QIAamp DNA micro kit (Qiagen) according to the manufacturer's instruction. The DNA concentrations were estimated by spectrophotometry. Microsatellite markers and PCR. A total of 24 microsatellite markers, including 10 markers from chromosome 8p and 14 from chromosome 1p, 17p, 4q, 13q, and 16q, were used for LOH analysis ( Table 1 ). All of the primer sets were obtained from Genbank database, and the sense primers were labeled with 6-FAM or HEX. When possible, the markers were combined in multiplex fluorescence screening panels. PCR mixtures contained 20 to 50 ng of template DNA, 0.5 AL of 10 Â PCR buffer, 0.6 AL of 25 mmol/L MgCl 2 , 0.1 AL of 10 mmol/L deoxynucleotide triphosphate mix, 0.2 pmol of each primer, and 0.2 unit of HotStar Taq DNA polymerase, with a final volume of 5 AL. The amplification reaction was done on a GeneAmp PCR System 9700 Thermal Cycler (ABI) according to the following procedures: 15 min of denaturation at 95jC, followed by a 14 touch-down cycles consisting of 30 s at 94jC, 60 s at 63jC (decrease 0.5jC each cycle), 90 s at 72jC, then 25 cycles of 30 s at 94jC, 60 s at 56jC, 90 s at 72jC, with a final extension of 10 min at 72jC.
LOH analysis. PCR products of each clinical specimen were electrophoresed and analyzed with an ABI Prism 3730XL DNA Sequencer equipped with Genemapper version 3.0 software. Molecular weight marker GeneScan-500 ROX Size Standard (Applied Biosystems) was used in each lane. When two amplified bands per locus were detected in the corresponding DNA of nontumor liver tissues (as normal control DNA), the case was defined as informative for analysis. In informative patients, intensity calculations and comparisons of the specific alleles between normal control and tumor DNA were done to evaluate for LOH. LOH was scored according to the following formula: N 2 ) , in which ''T'' was the tumor DNA sample, ''N'' was the normal DNA sample, and 1 and 2 were the intensities of smaller and larger alleles, respectively. For a specific locus, the cases showing homozygosity, microsatellite instability, and insufficient PCR amplification were scored as noninformative. Informative LOH could be defined if LOH index was <0.5 or >2.0. In case of doubtful LOH interpretation, the assays were repeated to verify and confirm the results. During the assessment of allelic status, investigators were blinded to the clinicopathologic characteristics and outcome of patients.
Statistical analysis. The statistical end points in our analysis were overall survival (OS) and disease-free survival (DFS). OS was defined as the interval from curative surgery to the date of death or the date of last contact if the patient was still alive, whereas DFS was defined as the interval from curative surgery to the date of documented tumor recurrence or the date of last contact with the patient if recurrence did not occur. Survival analysis was conducted with censoring of patients who died from other diseases or showed no evidence of recurrence. In a univariate analysis, survival curves were assessed by the Kaplan-Meier method, and differences between curves were analyzed using the logrank test. OS and DFS rates were calculated as the rates F SE. Factors that were significantly related to survival in univariate analysis were entered into the multivariate analysis.
Multivariate analysis was done with the use of a Cox proportional hazard model to identify variables that were independent predictors for clinical outcome. A forward stepwise selection with the likelihood ratio criterion (inclusion and exclusion criteria were P V 0.05 and P z 0.10, respectively) was used to identify the variables retained in the Cox model, with a P value of <0.05 considered to indicate statistical significance. The multivariate regression results were summarized using the estimated hazard ratio and 95% confidence interval for each variable entered into the Cox model. The SPSS version 11.5 software package was used for statistical analysis.
Results
The relationship between clinicopathologic features and patient survival. Clinicopathologic characteristics of the patients enrolled in this study were detailed in Table 2 . The last follow-up was in March 2005. The median follow-up time was 60 months, ranging from 4 to 74 months. During the follow-up period, 54 patients died of cancer-related reasons and 54 patients were found with HCC recurrence.
A total of eight clinicopathologic variables, including patients' sex, age, serum AFP level, HBsAg, liver cirrhosis, tumor size, capsule, and differentiation (Edmondson's grade) were included in the univariate analysis to evaluate their associations with patients' survival. Besides, BCLC stage and CLIP score were also included. As shown in Table 2 , liver cirrhosis (P = 0.030) and serum AFP level (P = 0.013) were associated with 5-year OS, whereas no variable was significantly associated with 5-year DFS of TNM stage I HCC patients. CLIP scores were significantly associated with both the 5-year OS (P = 0.001) and DFS (P = 0.001); however, no significant correlation was found between BCLC stages and the 5-year OS (P = 0.228) or DFS (P = 0.267) of patients with TNM stage I of HCC (Table 2) .
LOH frequency at loci tested. The mean heterozygosity of the 24 loci tested was 69.9%. As shown in Table 1 , the LOH frequencies assessed from informative cases at the 24 loci tested were also high, with a mean value of 43.2%, and the three most frequently altered loci were D17S831 (64.8%, 70 of 108) on 17p, D4S426 (60.7%, 54 of 89) on 4q, and D17S926 (56.7%, 59 of 104) on 17p. LOH at D8S298 on 8p (8p22) and D1S199 on 1p (1p36.1) were 31.5% and 33.7%, respectively (Table 1) .
Correlation between LOH at loci tested and patients' outcomes. In the univariate analysis, LOH at D8S298 was found to significantly associate with a decreased probability of 5-year OS and DFS of patients with stage I of HCC. The 5-year OS and DFS rates of patients with LOH at D8S298 were much lower than that of patients without D8S298 LOH (46 F 5% versus 62 F 2% OS, P = 0.008 and 44 F 5% versus 57 F 3% DFS, P = 0.038; Table 3 ; Fig. 1A and B) . Likewise, LOH at D1S199 was strongly associated with both decreased 5-year OS and decreased DFS in the entire cohort of patients. Patients with LOH at D1S199 had a worse 5-year OS (42 F 4% versus 61 F 2%, P < 0.001) and DFS (41 F 5% versus 57 F 3%, P = 0.014) than those without D1S199 LOH (Table 3 ; Fig. 1C  and D) . However, no statistically significant correlation was observed between LOH at any other marker analyzed in this study and OS and DFS of patients, including those three most frequently altered loci D17S831, D17S926, and D4S426.
Variables, including the clinicopathologic characteristics and microsatellite markers that were found to have prognostic value in the univariate analysis, were added into the corresponding multivariate Cox model of survival. In the Cox model with OS, D1S199 LOH was independently associated with decreased OS, with hazard ratio of 0.281 (95% confidence interval, 0.123-0.643; P = 0.003), whereas liver cirrhosis, serum AFP level, CLIP score, and LOH at D8S298 did not have any independent value although they were associated with the OS of patients with HCC in univariate analysis (Table 4) . And in (Table 4) , D8S298 LOH was an independent predictor of decreased DFS, with hazard ratio of 0.372 (95% confidence interval, 0.146-0.948; P = 0.038); however, no significant prognostic value was found in LOH at D1S199 (P = 0.257) and CLIP score (P = 0.351).
Discussion
It is well known that the clinical stage is the most important factor influencing on the prognosis of HCC patients. Several systems are available for classification of HCC. The most common used is International Union Against Cancer's TNM staging system, and BCLC staging classification and CLIP scoring systems are considered more effective in predicting the prognosis of patients with HCC (23, 24) . In general, these classification systems are based on the tumor morphology, number and size of tumor, status of vascular invasion, status of metastasis, serum AFP levels, and markers of hepatic reserve (25, 26) . Although these systems have successfully graded the patients on their prognosis according to each variable, these systems still have the limitations for predicting the prognosis of patients with HCC, especially for those with early stage of disease and without vascular invasion. As shown in this study, BCLC staging classification system, which is based on tumor number, size, vascular invasion, and liver function, did no significant correlation with the OS or DFS of patients with TNM stage I of HCC. Moreover, although the CLIP score, which is based on liver function (Child-Pugh stage), tumor morphology, serum AFP level, and portal vein thrombosis, was one of the most important factors correlating to patients' survival in the univariate analysis, it did not show an independent prognostic value in the multivariate Cox model analysis. Among the clinicopathologic factors tested, except serum AFP level and liver cirrhosis related to OS of patients, no any significant prognostic value was found in the size, capsule status, and differentiation grade of tumor in patients with TNM stage I of HCC. Moreover, even AFP level and liver cirrhosis did not also have a significant value in multivariate Cox model analysis. So, using these systems, it is not possible to identify these patient subgroups and stratify individuals into prognostic groups within this given stage.
To overcome the limitations of these traditional classification systems, a large number of molecular markers (biomarkers) have been investigated and shown to have potential predictive significance (25) . Recently, new technologies of molecular genetics and biology, such as analyses of genomic aberration, gene expression profiling, and proteomics, which provide new way to delineate new biomarkers genome-wide, have been applied to the HCC prediction and classification (27 -29) . In the previous works, we have generated two molecular signatures, one from the gene expression signatures of primary HCCs and another from the inflammation/immune responserelated signature, which can classify the metastatic potentials of HCC and prognosis of patients with HCC (27, 30) . But until now, none of them have been proved to be specific enough in predicting the prognosis and therapeutic outcomes of patients with HCC, particularly of those with early stage (TNM stage I) of HCC. Furthermore, their practical constraints are imposed by the cost of detection, difficulties in obtaining sufficient and well-annotated samples, the challenges in its reliability, and the interpretation of data obtained (30) .
In recent years, it has been shown that identification and characterization of genetic alterations can provide a variety of molecular markers for certain cancers, which may ultimately offer new tools for early diagnosis, prediction of the effectiveness of treatment, and patients' prognosis. Among the genetic alterations, LOH may provide more accurate insight into tumor progression and predict clinical outcome (16, 31, 32) . Compared with the RNA and protein profiling methods, LOH analysis is much stable and cost-efficient because it can be carried out by PCR with a small amount of DNA from the paraffin-embedded archival materials. These are very easily accessible for clinical patients.
It has been found that the deletion of 8p might serve as a novel prognostic indicator for various kinds of human cancers, such as colorectal cancer (13, 33) , head and neck squamous cell carcinoma (34) , and renal cell carcinoma (35) . In our previous studies, chromosome 8p deletion was found to be closely associated with HCC metastasis (9, 10) , and a candidate metastatic suppressor gene, HTPAP, was identified on chromosome 8p (11) . These suggested that chromosome 8p deletion might contribute to HCC progression and metastasis, and detection of 8p deletion might be helpful in the prediction of HCC metastasis and clinical outcome of patients with HCC. In this study, we selected 10 microsatellite markers located at chromosome 8p and investigated the association of 8p deletion with the clinical outcome of patients with TNM stage I HCC after curative surgical treatment. Among the 10 microsatellite markers on chromosome 8p, LOH at D8S298, which is located at the region of 8p22, was found to be related to postoperative survival of patients with stage I of HCC, whereas no significant association with patients' survival was found for LOH at other loci. In the multivariate analysis, LOH at D8S298 was also an independent predictor for decreased DFS. These indicate that LOH at D8S298 can serve as a prognostic biomarker and facilitate the prediction of the tendency of postoperative recurrence of HCC patients at early stage. A previous study has also shown that LOH at D8S298 is associated with intrahepatic metastasis of HCC (12) . LOH on the region around chromosome 8p22 (at which the D8S298 is located) is a common event in several epithelial tumors including HCC (6 -8, 13, 36) . It has revealed 8p22 deletion to be the strongest variable to predict disease progression (37) and postoperative mortality (38) . Thus far, several candidate tumor suppressor genes have been identified from 8p22, including DLC-1 (39), FEZ1/LZTS1 (40), N33, and EFA6R (41). Inactivation of DLC-1 may play an important role in development of liver and prostate cancers (42 -44) . DLC-1 can also act as a metastasis suppressor gene for breast cancer (45) . The FEZ1/LZTS1 gene is inactivated in many cancers with 8p deletions, including prostate, esophageal, gastric, bladder, and breast cancer. Also, the FEZ1 protein has been shown to suppress growth of cancer cells and to regulate mitosis. A positive association between loss of FEZ1 expression and tumor grading and a tendency toward a reduction in the mortality rate in subjects with strong FEZ1 expression was found in lung cancer, which indicates an important role for FEZ1 in lung cancer, and suggests the possibility that it may serve as a novel prognostic indicator (46) . Expression of N33 and EFA6R seems to also have an effect on OS in ovarian carcinoma (41) . These indicate that the deletion of 8p22 may play an important role in the progression and could serve as a novel predictor for the surgical outcome of cancer patients, including those with early stage of HCC.
D1S199, located at 1p36, was another marker with prognostic value in this study. Like D8S298, LOH at D1S199 was significantly associated with decreased OS and DFS of patients with stage I HCC. Multivariate analysis showed LOH at D1S199 was an independent predictor for decreased OS but not for DFS. The exact reason of that is not clear. The prognostic value of deletion on 1p, including D1S199, have also been found in other kinds of malignancies, including Wilms' tumor (16), neuroblastoma (17) , and colorectal cancer (47) . Some studies also revealed that loss on 1p36 usually occurred in hepatocarcinogenesis (48, 49) . Therefore, LOH on 1p36 could be another novel prognostic predictor for patients with earlystage HCC.
In addition, our results did not reveal any association between the allelic losses of microsatellite markers on chromosome 17p, 4q, 13q, and 16q and OS or DFS of patients with early-stage HCC, although LOH on 16q, 17p, and the numbers of chromosomes with LOH have been found to be significantly associated with metastasis-free survival of HCC and that LOH on 16q was the most useful prognostic indicator for metastasis after curative hepatic resection in a multivariate Cox survival analysis (50) . Also, other studies exhibited that loss on 13q was linked to tumor recurrence and a more aggressive tumor behavior of HCC (20, 51) . The true reason is not clear. A possible explanation for these varying reports regarding the prognostic significance of 13q, 16q, and 17p allelic deletion is that microsatellite markers selected from these chromosomes are different. Therefore, further prognostic studies of allelic losses on these chromosomes should be done.
In summary, we showed for the first time that LOH at D8S298 and D1S199 is associated with poor prognosis of patients with TNM stage I of HCC after curative liver resection in this study, which indicates that certain genetic alterations other than traditional prognostic factors can serve as prognostic markers in patients with early-stage HCC. These markers, in combination with the currently used prognostic factors, may allow for more precise prognosis prediction and treatment recommendations. For instance, even in patients with earlystage HCC without vascular invasion, those with LOH at D8S298 and D1S199 are at higher risk of recurrence after curative hepatic resection. Thus, they should be followed up intensively and recommended to give appropriate adjuvant therapy (such as immunobiotherapeutic strategies) after operation to delay or avoid recurrence. Obviously, combination of these novel prognostic biomarkers with currently used TNM stage would be of great value in predicting the prognosis of patients with HCC.
